T he rapid proliferation of diagnostic imaging is a challenge for the containment of health care expenditures and for system sustainability in many countries. 1 The ensuing debate among clinicians, researchers and policymakers has become increasingly contentious and highly politicized. 2, 3 In Canada, the annual operational costs for diagnostic imaging now total more than $2.2 billion. 4 Prenatal ultrasonography is one of the most rapidly proliferating imaging tests, this expansion being marked most strikingly by an increase in the proportion of women undergoing multiple prenatal examinations for a single pregnancy.
T he rapid proliferation of diagnostic imaging is a challenge for the containment of health care expenditures and for system sustainability in many countries. 1 The ensuing debate among clinicians, researchers and policymakers has become increasingly contentious and highly politicized. 2, 3 In Canada, the annual operational costs for diagnostic imaging now total more than $2.2 billion. 4 Prenatal ultrasonography is one of the most rapidly proliferating imaging tests, this expansion being marked most strikingly by an increase in the proportion of women undergoing multiple prenatal examinations for a single pregnancy. 5 Although guidelines generally recommend that two ultrasound examinations be performed in a pregnancy without complications -one in the first trimester, for measurement of nuchal translucency to screen for aneuploidy, and one in the second trimester to screen for fetal anomalies -it is conceivable that the proliferation of prenatal ultrasonography reflects changes in maternal risk over time. [6] [7] [8] [9] [10] In other areas of health care, interventions that are most beneficial to high-risk individuals are frequently directed to low-risk populations. [11] [12] [13] We hypothesized that increasing trends in the use of prenatal ultrasonography could not be explained solely by pregnancy risk and would be evident among low-risk pregnancies. Accordingly, we performed a population-based study to examine the annual rates of prenatal ultrasonography, adjusted for maternal risk profiles.
Methods

Study design
We conducted a repeated cross-sectional population-based study of all women with a singleton obstetric delivery during the period 1996/97 to 2006/07 in Ontario, Canada's most populous province (12 million people).
Data sources
For this study, we used two linked administrative databases. We obtained records of hospital admissions from the Canadian Institute for Health Information Discharge Abstract Database. We used these records to identify obstetric deliveries and maternal comorbidities. The anonymized discharge abstracts contained a unique encrypted identifier, the patient's age, sex, date of admission, up to 16 diagnoses from the International Classification of Diseases, 9th revision, and up to 25 diagnoses from the International Classification of Diseases, 10th revision. Outpatient data were obtained from the database of the Ontario Health Insurance Plan, which contains billing information for physician services, including a service date and a single diagnosis. We used the Ontario Health Insurance Plan database to identify all outpatient claims for prenatal ultrasonography. 9 We also used this database to identify maternal comorbidities, because some of these conditions may be diagnosed on an outpatient basis. Neighbourhood income quintile for each patient was defined according to postal code, using census data from Statistics Canada.
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Participants
For the period Apr. 1, 1996, to Mar. 31, 2007, we identified all deliveries across all Ontario hospitals in each fiscal year. To do this, we used a main patient service code for obstetric delivery in the Discharge Abstract Database. 15 Participants were women with an admission to hospital for delivery of a liveborn or stillborn singleton infant after at least 20 weeks' gestation. We excluded women younger than 15 years or older than 54 years at the date of admission to hospital for delivery and women with deliveries associated with an abortive procedure. If a woman had more than one delivery in a given fiscal year, we included only the first eligible delivery. The hospital admission date was used to define the date of the index delivery.
Maternal risk profile
We classified a pregnancy as "high-risk" if it was associated with a maternal comorbidity, genetics consultation, amniocentesis or history of complications in a prior pregnancy (see Appendix 1, available at www.cmaj.ca/cgi/content /full /cmaj.090979/DC1). We deemed all other index pregnancies to be "low-risk." We considered a maternal comorbidity to be present if any of the following diagnoses could be identified in the Ontario Health Insurance Plan database or the Discharge Abstract Database within the 12 months before (and during) the hospital stay for the index delivery: any diabetes mellitus (gestational or prepregnancy), any hypertension, thyroid disease, cardiac disease, rheumatologic disease, venous thromboembolism, renal disease or epilepsy; we also considered hospital admission for supervision of a high-risk pregnancy to represent maternal comorbidity. Similarly, we used the Ontario Health Insurance Plan database to identify claims for genetics consultation and amniocentesis during the 12 months before (and during) the hospital stay for the index delivery. Finally, we defined a history of a prior pregnancy with complications as any pregnancy in the preceding five years that had been associated with stillbirth or with a genetics consultation, amniocentesis or hospital admission for supervision of a high-risk pregnancy during the 12 months before delivery.
Prenatal ultrasonography
The main study outcome was the annual rate of utilization of prenatal ultrasonography. For each woman's index delivery in a given fiscal year, we considered all prenatal ultrasonography examinations performed during the 40-week period before her delivery date. We ascribed each examination to the fiscal year during which she delivered. Ultrasound examinations performed on an inpatient basis are not captured by the Ontario Health Insurance Plan database.
We classified prenatal ultrasound examinations according to estimated gestational age at the time of the procedure: first trimester (0 to 14 weeks), second trimester (15 to 27 weeks) or third trimester (28 to 40 weeks). We estimated gestational age at the time of ultrasonography by calculating the number of days between the date of the ultrasound examination and the delivery date and assuming that the delivery occurred at 40 weeks' gestation. For example, if a woman delivered on Aug. 30, 2004 , and had undergone ultrasonography on Aug. 10, 2004 (20 days before), the examination would be categorized as having taken place during the third trimester. This approach has a reported sensitivity of 90% and specificity of 99%. 16 
Data analysis
For each fiscal year, we computed the rate of prenatal ultrasonography by dividing the number of examinations attributed to that fiscal year by the corresponding number of inhospital singleton deliveries. We used Poisson regression to estimate the crude increase in the rate of prenatal ultrasonography within each fiscal year, relative to 1996, expressed as a relative risk (RR) and 95% confidence interval (CI). In a multivariate model, we then adjusted for maternal age, neighbourhood income quintile, rural place of residence, any diabetes mellitus (gestational or prepregnancy), any hypertension, any other maternal comorbidity (i.e., one or more of thyroid disease, cardiac disease, rheumatologic disease, venous thromboembolism, renal disease, epilepsy or admission to hospital for supervision of high-risk pregnancy), a genetics consultation and amniocentesis -all in the index pregnancy -as well as history of a prior pregnancy with complications, as defined above. We then restricted these multivariate analyses to women with a low-risk pregnancy, as well as to ultrasonography examinations performed in the second or third trimesters (to lessen the effect of a high uptake of first-trimester ultrasonography for measurement of nuchal translucency in recent years). 17 In secondary analyses, we used the same multivariate model to generate the RR for undergoing prenatal ultrasonography in 2006 relative to 1996, stratified by maternal age at delivery, neighbourhood income quintile, place of residence (urban v. rural), any maternal diabetes mellitus (yes v. no) and any maternal hypertension (yes v. no). To evaluate whether the number of ultrasound examinations performed during pregnancy changed over time, we categorized all index pregnancies in 1996 into approximate quartiles, according to the number of second-and third-trimester ultrasound examinations per pregnancy. First-trimester examinations were excluded from this particular analysis to remove the potential effect of the recent introduction of first-trimester ultrasound testing for nuchal translucency. We used the same regression models as above to estimate the adjusted RR for the proportion of women receiving the fixed categorized number of ultrasound examinations in each year relative to 1996, both for the entire cohort and stratified by low-risk versus high-risk status. Note: Q = quintile, SD = standard deviation. *Unless indicated otherwise. †Income quintiles for each fiscal year do not sum to 100% because of missing data for up to 3% of patients. ‡Thyroid disease, cardiac disease, rheumatologic disease, venous thromboembolism, renal disease, epilepsy or admission to hospital for supervision of high-risk pregnancy. §Defined as prior pregnancy associated with genetics consultation, amniocentesis, admission to hospital for supervision of high-risk pregnancy or pregnancy ending in stillbirth. ¶Defined as any hypertension, any diabetes mellitus, any other comorbidity (as defined above), genetics consultation or amniocentesis during index pregnancy or history of pregnancy with complications (as defined above).
The study was approved by the Sunnybrook Health Sciences Centre Research Ethics Board.
Results
We captured data for 1 424 767 in-hospital deliveries over the 11-year study period. A total of 25 378 deliveries were excluded because of multiple-gestation pregnancies (n = 22 785), a second delivery within the same fiscal year (n = 1628), extremes of maternal age (n = 665) or delivery after 20 weeks' gestation in association with an abortive procedure (n = 300). The final study sample was 1 399 389 singleton deliveries ( Table 1) .
The annual number of ultrasound examinations increased linearly over the study period (p for trend < 0.001; Figure 1 ). The rate rose from 2055 per 1000 pregnancies in 1996 to 3264 per 1000 in 2006, which represents a crude 11-year RR (i.e., increase in utilization) of 1.59 (95% CI 1.58-1.60) and an adjusted RR of 1.55 (95% CI 1.54-1.55) ( Table 2 ).
The magnitude of the increase in ultrasonography rates over the 11-year study period was similar for women with low-risk pregnancies (adjusted RR 1.54, 95% CI 1.53-1.55, 2006 relative to 1996) and those with high-risk pregnancies (adjusted RR 1.55, 95% CI 1.54-1.57) ( Figure 1 , Table 2 ) and for examinations performed in the second and third trimesters (adjusted RR 1.45, 95% CI 1.44-1.46) (Figure 1) . Although within-stratum interactions were statistically significant (p < 0.001), the magnitude of the adjusted RRs was comparable upon stratification by maternal characteristics (Figure 2 ). The relative increase in ultrasonography across the 11-year study period was evident in all trimesters, but was most pronounced for examinations performed in the first trimester (Figure 2) .
In 1996, the quartiles for the number of ultrasound examinations performed in the second and third trimesters were zero or one, two, three, and four or more (Table 3) . Among all women, the proportion of pregnancies with four or more fetal ultrasound examinations in the second or third trimester rose from 6.4% in 1996 to 18.7% in 2006, corresponding to an adjusted RR of 2.68 (95% CI 2.61-2.74) across the decade. This change was more pronounced among low-risk pregnancies (adjusted RR, 2.92, 95% CI 2.83-3.01) than among high-risk pregnancies (adjusted RR 2.25, 95% CI 2.16-2.35). By 2006, more than one-third (37.2%) of all women were receiving three or more ultrasound examinations during the second and third trimesters of pregnancy (Table 3) .
Interpretation
In a health care system with universal access to prenatal services, we observed a 55% relative increase (adjusted) in the use of outpatient obstetric ultrasonography among singleton pregnancies over the decade from 1996/97 to 2006/07. This change was statistically significant and robust across subgroups, regardless of pregnancy risk, maternal demographic characteristics or maternal comorbidities. By 2006, over onethird of women with a singleton pregnancy were undergoing three or more outpatient ultrasound examinations during the second and third trimesters.
Our findings are consistent with a growing body of evidence suggesting that some health interventions most beneficial to high-risk individuals are frequently directed at apparently low-risk populations. This "treatment-risk paradox" has been described for statin therapy in high-risk elderly patients, 11 for pharmacotherapy in patients with congestive heart failure 12 and for temporal trends in the utilization of noninvasive cardiac testing. 13 Although the use of prenatal ultrasonography among women with low-risk pregnancies may not account for a large proportion of total expenditures for medical imaging, it serves as a test case of a rapidly proliferating diagnostic technology. As such, it is a microcosm of a much bigger phenomenon that may be occurring with many other diagnostic imaging tests and that, cumulatively, may account for billions of dollars of health care expenditures. 1, 2 Others have documented substantial regional differences in utilization of obstetric ultrasonography and evidence of inappropriate use of this technology. 5, [18] [19] [20] In our study, rising utilization could not be explained solely by increases in maternal age, changes in maternal risk profiles or increases in uptake of first-trimester scanning for nuchal translucency. Hence, it would appear that nonclinical factors may largely explain the increases in prenatal ultrasonography that we observed. These factors may include the practice of defensive medicine, the desire to reassure a patient that her pregnancy is progressing normally, patient demand and even the "entertainment" value of seeing one's fetus. [21] [22] [23] [24] Although the benefits of prenatal ultrasonography in high-risk pregnancies may be clearer, the value of repeat ultrasonography in low-risk patients is not. 25, 26 Prenatal ultrasonography is widely regarded as safe. 27 However, some studies have suggested that frequent prenatal ultrasonography may be associated with intrauterine growth restriction, delayed speech and non-righthandedness. [28] [29] [30] [31] Moreover, when a prenatal ultrasound examination is performed in a low-risk pregnancy, unintended harmful consequences may outweigh any potential benefits. For example, incidental benign findings -which are becoming increasingly prevalent with advances in technologycan cause anxiety and can lead to additional investigations, some of which may be invasive, such as amniocentesis. 32 More than one-third of women now undergo three or more ultrasound examinations during the second and third trimesters of a singleton pregnancy, a rate that appears to be climbing for reasons unrelated to changes in maternal risk. As such, there is a need for patients, clinicians and policy-makers to carefully consider the optimal number of obstetric ultrasound examinations per pregnancy. Assuming an average cost of $64 per examination (based on the 2008 fee schedule in Ontario 33 ), we estimate that the cumulative amount in fees for additional prenatal ultrasound examinations performed since 1996 was $30 million. Given the high aggregate costs of prenatal ultrasonography (because pregnancy is so common) and the evidence of potential overuse in populations not at high risk, health policy-makers could make a legitimate argument that costs be contained in groups for whom there is no documented benefit. Indeed, after the first trimester, most current guidelines recommend only a single second-trimester anatomic ultrasound examination during a pregnancy without complications. 6, 7 However, obstetricians function in the highest-risk medico-legal environment, where the implicit rules governing practice may differ from those in other domains of medicine, including the need to reassure patients through safe and relatively inexpensive tests like ultrasonography. 21, 22 In publicly funded health systems, citizens are key stakeholders in this debate, and efforts to engage citizens in deliberations about setting health care priorities should be encouraged. 34 Various options for optimizing the use of obstetric ultrasonography, such as preauthorization of claims and changes to the fee schedule, will require debate and will necessarily demand a balance between policy pragmatism and an honest acknowledgement of defensive practice styles among individual providers.
Our study has some limitations. First, we had to estimate the trimester in which ultrasonography had been performed. Therefore, for preterm deliveries, some examinations actually completed in the first or second trimester would have been ascribed to a later period in the pregnancy, which would have led us to underestimate the number of first-trimester examinations. To counter this effect, we excluded multifetal pregnancies and adjusted for maternal risk, each of which is more likely to result in preterm delivery. Second, we excluded women who aborted before 20 weeks' gestation, some of whom might have been considered to be at high risk. The remaining women in our study cohort whose pregnancies Note: CI = confidence interval, Q = quartile, RR = relative risk, US = ultrasonography examination. *Adjusted for maternal age, income quintile, rural place of residence, diabetes mellitus, hypertension, other maternal comorbidity, genetics consultation, amniocentesis -all in the index pregnancy -and for history of complications of pregnancy.
were defined as "high-risk" might have had a lower disease burden than the entire population of women with high-risk pregnancies, which might have limited somewhat the generalizability of our findings to pregnancies extending beyond 20 weeks' gestation. Third, we did not have data about trends in the locations where the prenatal ultrasound examinations were performed, such as private physicians' offices versus hospital-based facilities. Future studies will be needed to examine potential system-level reasons for the trends we observed. Finally, since the Ontario Health Insurance Plan database does not provide the indications for prenatal ultrasonography, we could not directly assess the appropriateness of the patterns of use that we observed. A detailed chart review, combined with surveys or interviews of mothers and their pregnancy caregivers, might better elucidate the underlying reasons for the rising use of prenatal ultrasonography.
In conclusion, there has been a substantial increase in the use of prenatal ultrasonography in the past decade, and more than one-third of women with a singleton pregnancy now receive three or more ultrasound examinations during the second and third trimesters. Efforts to promote more appropriate use of prenatal ultrasonography in low-risk groups appear warranted, but careful debate will be required to determine the most effective and acceptable approaches to achieve this goal.
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